Introduction
African rural people utilise forests for a range of products essential to their survival, but thereby also save cash resources for other uses (Shackleton et al. 2007 ). The long-term sustainability of such natural resource use is, however, often questioned. In South Africa's Maputaland region of KwaZulu-Natal, demographic growth, society modernisation and tourism-related immigration (Peteers 2005; Jones 2006 ) are all increasing the demands on the environment. As much as valuing the wealth represented by the resource base is an essential aspect, understanding the limits imposed by the dynamics of the resource base is critical to ensure its future Pote et al. 2006; Shackleton et al. 2007 ).
These arguments are even more important in an area that is classified as a global hotspot of biodiversity (Myers et al. 2000) . Maputaland harbours a diverse mosaic of woodlands and forests interwoven with wetlands, and is recognised as a centre of plant endemism within the Maputaland-Pondoland-Albany biodiversity hotspot. Furthermore, this centre has the distinction of being the only centre in southern Africa to contain a fair proportion of endemic tree species. The vegetation is well-represented within a network of conserved areas in the region (Mucina and Rutherford 2006) . However, in a twist of fate, the vegetation within these conserved areas has come under threat from unregulated increases in wild herbivore numbers.
To date, information regarding the structure and dynamics of forests is most often gathered through a single survey, describing size class frequencies, which provide a static representation of plant populations at the time of study. Because once-off surveys often are the only source of information available, a range of techniques have been devised to derive as much knowledge as possible from size class distributions (Poorter et al. 1996; Condit et al. 1998; Lykke 1998; Obiri et al. 2002; Lawes and Obiri 2003; Niklas et al. 2003) to allow managers to make inferences on population dynamics.
In the present study, we focus on a rare vegetation type, known as Sand Forest, which is endemic to the Maputaland Centre of Endemism. This vegetation type covers a mere 354 km 2 in South Africa and represents only 4.8% of the area covered by forests in the country (Low and Rebelo 1998) . It is classified as critically endangered due to its restricted range in South Africa and the large demand for firewood that encourages deforestation (Mucina and Rutherford 2006) . To avoid permanent biodiversity loss and long-term impairment of ecosystem functioning, an evaluation of the natural resource base in Sand Forests was urgently called for. The objective of the current study was to compare the state of Sand Forest woody resources on two sites differing in land tenure (rural community land vs formal conservation land) and utilisation regimes (low human use under tribal laws vs intense herbivory) to obtain a measure of the impacts of herbivores and humans. To do this we use the size class distribution approach, complemented by a range of aspects so far utilised rarely in combination. First among them is the Y-axis intercept of regression curves, which is here considered as representative of the size of the recruitment pool (Everard et al. 1994) . This is complemented by calculating the centroid of the species (mean stem diameter for the species) and the centroid of the vegetation unit (mean stem diameter for all species in a community), and evaluating their bias in relation to the midpoint of the size class distribution range. We also evaluate the ratio of subcanopy:canopy densities, in association with the frequency of occurrence to derive the grain of the species and vegetation unit. Whenever possible, these aspects are compared across sites under two different utilisation regimes. Finally, we discuss how the presented data can improve our understanding of the dynamics of Sand Forest vegetation and can be incorporated into the management of this vegetation type.
Study area
The study area encompasses two sites on the coastal plain of Maputaland in northern ). Site one is located in the Tembe Elephant Park (Tembe), and site two in the Tshanini Community Conservation Area (Tshanini) within the neighbouring Manqakulane rural community. The undulating landscape of sandy ancient littoral dunes is vegetated by open to closed woodlands, with patches of Sand Forest. The region experiences hot, wet summers (October and April) and cool to warm and dry winters (May to September). The mean annual rainfall for the period from 1959 to 2006 was 700 mm (Gaugris 2008 ) but large annual variations occur.
Tembe, a 30,000 ha statutorily conserved area, was proclaimed in 1983 with the dual mandate to conserve wildlife and protect Sand Forest, and was fully fenced off in 1989 (Matthews et al. 2001 )-an act that completely precluded human utilisation of natural resources in the reserve thereafter. Since 1989, wildlife populations have increased steadily (Gaugris and Van Rooyen 2010a) , especially those of browsers such as kudu Tragelaphus strepsiceros and nyala Tragelaphus angasii, but also megaherbivores such as elephants Loxodonta africana.
Tshanini was established in 2000 on a 2,420 ha section of land of the Manqakulane Community. The community used that land for cattle grazing and harvesting of natural resources until 1992, when they moved eastwards to the Muzi Swamp area where a clean water supply and better soils promised an easier life. The community then decided to develop the vacant land into a nature reserve, akin to Tembe. As a result, Tshanini was left to recover from past uses, and since 1992 has been protected by tribal rules from intensive harvesting of natural resources (Gaugris et al. 2004; Gaugris and Van Rooyen 2008, 2010a) . Herbivores were hunted out of Tshanini, and the largest antelope present in the area was grey duiker Sylvicapra grimmia (Van Eeden 2005) . In 2004, approximately 800 people resided permanently within the community's village area.
Prior to gaining conservation status, both areas were subject to subsistence farming (Matthews 2006) , especially along the channel of the Muzi swamp. Sand Forest utilisation by people was low and limited to house building needs. This harvesting comprised (1) a few ''quality'' main poles required to support the main structure of the construction, and (2) many smaller poles of lower quality ). The main source of human-wildlife conflict in that period were elephants raiding crops, and removing this source of conflict became one of the reasons to create Tembe. It is estimated that a population of 30-60 elephants ranged throughout this area (approximately 150,000 ha) before 1983 (Gaugris 2008) . The elephant population's home range was centred around a refuge, the Sihangwane Sand Forest, in the core of what became Tembe (Morley 2005 The data used for this study were initially collected to determine utilisation levels as basis for a management plan (Gaugris 2008) . The analyses in the current study were conducted to provide further insight into the results provided by the utilisation study. A total of 77 rectangular plots of varying lengths (25-50 m) and widths (4-10 m), depending on vegetation density (Gaugris and Van Rooyen 2010a) , were sampled with 59 plots in Tembe and 18 in Tshanini. The numbers of plots per site were proportional to the total forest area within the sites. Plot size was adjusted in order to survey a minimum of 150 plants per plot. All woody plants (i.e. plants with an erect to scrambling growth form and with a ligneous trunk, thus including lianas) ‡0.4 m height and ‡1.0 cm stem diameter, encountered in the plots, were identified to the species and measured, while those below these cut-offs were only measured in one-half of the plot area. Stem diameters of large trees were measured at 100 cm above ground, while for small plants the measurements were taken above the basal swelling.
Stem diameters for individual plants were classified into 12 stem diameter classes (>0 to <1, 1 to <2 cm, 2 to <4, 4 to <6, 6 to <10, 10 to <14, 14 to <20, 20 to <26, 26 to <34, 34 to <42, 42 to <52, ‡52 cm). Multistemmed plants were considered as a single individual and, in order to illustrate largest stem size attained, for these plants only the largest stem diameter was used. The classes were selected to best represent all sizes up to the largest woody species in the study area. Increasing diameter class widths were used to balance the decreasing stem density with increasing stem diameter, and to provide for finer divisions in the smaller stem diameters (Condit et al. 1998) .
Because size class bins vary in size, the number of individuals per size class was divided by the class width (in cm) to obtain a density or mean number of individuals per cm diameter, to make values comparable across size classes (Condit et al. 1998) . Thereafter plant density (Di) per ha per size class per species per vegetation unit in each study site was calculated as: (density of individuals per cm per size class)/(area in ha of all plots per vegetation unit in a site). The diameter class midpoint (Mi) was calculated as the mean of the upper and lower limit of each size class (Condit et al. 1998) . Logarithmic transformations of the type ln (Di + 1) and ln (Mi + 1) were used to standardize the data (Lykke 1998; Niklas et al. 2003) before performing least square linear regressions. The value of +1 was added because some size class bins were empty (Lykke 1998) . These transformations are considered to be the most accurate to summarise in a single number (the slope) the shape of a size class distribution (Condit et al. 1998; Niklas et al. 2003) , explaining most (>80%) of the data used according to these authors. Moreover, regression slopes provide a direct and objective numerical measure, which is less subject to personal interpretation than curve shapes. The sample plot areas were generally small (<0.1 ha) and therefore the dataset was not expected to depart from log-log linearity (Niklas et al. 2003) , or to display the habitat heterogeneity observed in the sample of the vegetation unit. The slopes of these regressions were referred to as size class distribution (SCD) slopes. Diameter classes up to the largest class with individuals present were included in the regressions with larger, empty classes being omitted.
The minimum number of individuals sampled to perform a reliable regression analysis was 30 (hereafter referred to as the full analysis) (Lykke 1998; Niklas et al. 2003) . Regressions were also calculated for species when the number of individuals ranged from 10 to 29 (hereafter referred to as the limited analysis) as some authors consider this a sufficient sample size (Condit et al. 1998; Lykke 1998 ). However, these species were treated separately.
Two mean values were calculated for the stem diameter distribution of each species. The 'centroid' was calculated as the arithmetic mean of all stem diameters recorded for a species in a vegetation unit per site, it therefore represents the mean diameter for all individuals in a species. The 'midpoint of stem diameter range' was calculated as the mean of the upper and lower limits of the diameter range included in the size class distribution of a species. Niklas et al. (2003) demonstrated a link between the position of the centroid and the midpoint of the diameter class range for a species. It is assumed that a centroid value larger than (or to the right of) the midpoint value shows more large-stemmed individuals than small-stemmed individuals. This is generally considered as an indicator of a mature-to-old and comparatively undisturbed population. A centroid value smaller than (or to the left of) the midpoint value shows more small-stemmed individuals than largestemmed individuals. The latter may therefore indicate a young and growing population. In general, as mean stem diameter increases (in a species population or a community of species), self-thinning occurs and the density decreases, in such a way that an increasing part of the biomass is found in fewer individuals (Silvertown and Charlesworth 2001; Niklas et al. 2003) . As selfthinning occurs the centroid of the population shifts towards the right of the size class distribution midpoint. If all species behave similarly, then the centroid of the vegetation unit similarly shifts (Niklas et al. 2003) . A centroid was therefore also calculated at the vegetation unit level, and is referred to as the centroid for the vegetation unit. It is therefore important to compare the vegetation unit behaviour with species population behaviour (Niklas et al. 2003) . This differentiation could further allow the separation of species characteristic of the current situation and species that can be considered as remnants of past conditions. Species were further classified into the following three types (see Fig. 1 ) depending on the steepness of the size class regression slope:
• Type 1 included species with slopes steeper or equal to half that of the vegetation unit (calculated for all species). Because the slopes of the vegetation units were negative, this measure was taken in an arbitrary manner as a guideline to separate species with strong negative slopes from those with less negative to flat slopes. These species show good regeneration. According to Condit et al. (1998) , such slopes generally represent species with regenerating populations.
• Type 2 comprised species with slopes shallower than half that of the vegetation unit, but steeper than a lower threshold slope coefficient of À0.15. This threshold is considered to represent populations with stable to limited regeneration (Condit et al. 1998; Lykke 1998 ).
• Type 3 included species with slopes shallower than the above À0.15 threshold or with positive slope coefficients. These slopes are considered as flat or positive, and are generally deemed to represent species with populations that have limited-to-no regeneration under the prevailing conditions, whether it be caused by natural events or through harvesting (Condit et al. 1998; Lykke 1998; Niklas et al. 2003 ).
The Y-axis intercept is a parameter that we use to improve our understanding of a species' population dynamics. When it is high, it can be reasonably assumed that a large pool of small individuals is available, whereas the closer it gets to zero, the less small individuals are present (Everard et al. 1994) . If a negative value is associated with a positive size class regression slope such as Type 3, then it may indicate that few to no young individuals were found. This could represent a recruitment problem, either natural (unsuitable conditions for recruitment or seed predation) or linked to anthropogenic activities such as harvesting.
Both slopes and Y-axis intercepts of regressions were compared for species occurring within the same vegetation unit but under different utilisation regimes by means of an analysis of covariance (ANCOVA) (Zar 1999) using GraphPad PRISM 4 (http://www. graphpad.com). This feature helps pinpoint differences in dynamics between sites. If there is no significant difference at slope or Y-axis intercept levels, the species was described through a pooled slope and Y-axis intercept.
Subcanopy and canopy densities were calculated for each species. Subcanopy density per species was the sum of densities for size classes 3-6 (i.e. from 2 to <14 cm), thereby removing all saplings from the analysis, and canopy density constituted size classes 7-12 (i.e. all individuals 14 cm and above). A subcanopy density:canopy density ratio >1, indicates a large pool of young individuals available to replace the canopy. It represents a growing population, and is expected to accompany a Type 1 size class regression slope. When subcanopy and canopy densities are more or less equal, the ratio will be close to 1, which represents stable populations and is expected to accompany a Type 2 size class regression slope. Finally, a ratio is <1 represents declining populations, or mature, undisturbed populations where long-lived individuals recruit a few younger individuals over a long lifespan.
In the present study, the graphical model of Lawes and Obiri (2003) to determine species grain was applied to classify species as fine-, coarse-, or intermediategrained (Fig. 2) . The ''spatial grain of regeneration'' is used to describe the ''coarseness in texture or granularity of spatial elements composing an area'' (Lawes and Obiri 2003) and is typically used to describe grain at the forest level, rather than the species level. Lawes and Obiri (2003) analysed the spatial relationship between frequency of occurrence, subcanopy and canopy density at the species level and extrapolated that to the forest level. In the current study, the critical lower bounds of 10 and 30 individuals/ha for the canopy and subcanopy levels, respectively, and a minimum of 50% frequency of occurrence in the sampled transects (Lawes and Obiri 2003) were used. These lower bounds allow comparison at the regional level (KwaZulu-Natal forests). Grain was determined by the graphical position of species in the scatter plot within the above boundaries (Fig. 2) . Fig. 1 Idealised representation of the classification of regression slopes in three types; the equations representing each of the situations appear on the graph. Slopes that fit within the slope limits defined by the arrows can be classified within these respective Types. Note that this is a slope-based classification, and that straightforward adjustments must be made to accommodate variations linked to Y-axis intercepts (i.e. a regression with the following equation ''y = À0.2x + 8'' should still be classified as Type II based on its slope, not on its Y-axis intercept)
Results
A total of 105 woody species were inventoried. Only 57 woody species had ‡10 individuals to meet the criterion for analysis, of which 33 occurred in the Short Sand Forest, 55 within the Tall Sand Forest, 29 in the Mature Sand Forest and 11 in the Afzelia quanzensis Subassociation.
Short Sand Forest
In general, species from the full analysis in Tshanini had steep slopes (Type 1 or 2) ( Table 1 ). The most abundant species in the subcanopy were Hymenocardia ulmoides and Psydrax locuples, whereas the canopy was dominated by Dialium schlechteri, Ptaeroxylon obliquum and Pteleopsis myrtifolia. Important species for household buildings, such as Brachylaena huillensis or Ptaeroxylon obliquum ) had steep slope coefficients. However, the former species was rare (33% frequency, Appendix A, online supplementary material) and only found in the subcanopy. In the limited analysis, three shrub species showed shallow or positive slopes (Type 3), denoting struggling populations. The centroid for the SSF was left-skewed relative to the midpoint and located within size class 3 (2 to <4 cm) in the full analysis, and size class 4 (4 to <6 cm) in the limited analysis.
In Tembe's SSF Croton pseudopulchellus and Drypetes arguta had the highest subcanopy densities (Appendix A, online supplementary material), whereas Cola greenwayi had the highest canopy density. Brachylaena huillensis was present in most plots (80%), at a higher density than in Tshanini and also reached the canopy layer. However, Dialium schlechteri, Psydrax locuples and Pteleopsis myrtifolia, were present in greater abundance in Tshanini than in Tembe. The subcanopy density for Dialium schlechteri was lower than its canopy density. The species classified in the full analysis in Tembe all showed steep slopes (Type 1, Table 1 ), while 46% of species in the limited analysis fell within Type 3. The SSF centroid was located in size classes 3 (2 to <4 cm) and 5 (6 to <10 cm) within the full and limited analyses, respectively.
Comparisons between sites (Table 2) at the full analysis level revealed that, out of five shared species, only Drypetes arguta was significantly different. No species were shared between the limited analyses, while all three species compared across analyses differed significantly between sites.
Tall Sand Forest
In the full analysis (Appendix B, online supplementary material), most species in Tshanini's TSF fell within Type 1 (Table 1) , while the bulk of species in the limited analysis fell within Types 2 and 3. The TSF centroid was located within size class 4 (4 to <6 cm) and 5 (6 to <10 cm) for the full and limited analyses, respectively. Most species in the full analysis displayed a subcanopy:canopy density ratio >1, except for Cleistanthus schlechteri and Newtonia hildebrandtii (Appendix B, online). This was supported in the latter species by a positive curve slope. The canopy was dominated by these two species along with Dialium schlechteri and Pteleopsis myrtifolia, while the subcanopy was dominated by Toddaliopsis bremekampii, Drypetes arguta and Cola greenwayi. A range of species contained large ( ‡34 cm) to very large ( ‡52 cm) individuals. In the limited analysis the population of Balanites maughamii showed an inverted pyramid structure, as did Spirostachys africana. Most species classified in this analysis had low densities and were not prominent in the canopy.
Tembe's TSF subcanopy (Appendix B, online supplementary material) was dominated by Croton pseudopulchellus, Drypetes arguta, Cola greenwayi and Hymenocardia ulmoides, and the canopy by Cleistanthus schlechteri, Pteleopsis myrtifolia and Dialium schlechteri. Large ( ‡34 cm diameter) to very large ( ‡52 cm) individuals were sampled in a range of species. The subcanopy:canopy ratio of three canopy species (Cleistanthus schlechteri, Dialium schlechteri, Newtonia hildebrandtii) was <1 as were some species in the limited analysis. The majority of species in the full analysis in Tembe fell into Type 1, while in the limited analysis the majority of F Full analysis, ‡30 individuals sampled; L limited analysis, 10-29 individuals sampled a Analyses marked with an X were conducted on regression slopes where F was not significant in at least one site ** Highly significant (P £ 0.01), * significant (P £ 0.05); -not significant (P > 0.05) species were of Type 3, followed by Type 1 (Table 1) . The TSF centroid for the full and limited analyses were located in the same size classes as in Tshanini. Comparisons between sites (Table 2) at full analysis level indicated significant differences in SCD regressions for 5 of the 16 species. Brachylaena huillensis had a higher Y-axis intercept and greater density in Tembe than in Tshanini and occurred in nearly two-thirds of all transects. In the limited analysis, only the population structure of Balanites maughamii differed significantly, and, of the four comparisons across analyses, only Psydrax locuples differed at the Y-axis intercept level.
Mature Sand Forest
Mature Sand Forest stands only occurred within Tembe and no comparisons between sites could be made. The most striking feature in the full analysis (Appendix C, online supplementary material) was the subcanopy density of species such as Cola greenwayi, Drypetes arguta, Vepris lanceolata and Toddaliopsis bremekampii, which exceeded 800 individuals/ha and appeared in >80% of transects. The canopy was dominated by Cola greenwayi, Cleistanthus schlechteri and Dialium schlechteri.
All species within the full analysis were Type 1, while the majority of limited analysis species were Type 3 followed by Type 1 (Table 1) . Dialium schlechteri, Cleistanthus schlechteri and Newtonia hildebrandtii had subcanopy:canopy ratios <1, and the latter two species had positive slopes (Appendix C, online supplementary material). The MSF centroid was located within size classes 3 (2 to <4 cm) and 5 (6 to <10 cm) for the full and limited analyses, respectively indicating that in general, populations of the common species were young and growing.
Afzelia quanzensis subassociation
While Afzelia quanzensis was the characteristic species, usually forming the canopy of this subassociation, it was not the most abundant species. The subcanopy was dominated by Vepris lanceolata (Appendix C, online supplementary material) and the canopy by Vepris lanceolata and Dialium schlechteri and emergents of Cola greenwayi and Diospyros inhacaensis. Prominent species in the subcanopy were Diospyros inhacaensis, Drypetes arguta, Drypetes natalensis and Euclea natalensis.
The two species in the full analysis belonged to Type 1, and so did most species in the limited analysis, although there were two species of Type 3. The Afzelia quanzensis subassociation (AQS) centroid position indicated a young population and was located within size class 3 (2 to <4 cm) for both analyses. Saplings made a large contribution to the population structure.
Grain of species and communities
The species grain was established for all species for which it was possible to identify grain by using the general model (Fig. 2) . Most species were fine-grained (Tables 1, 2, 3 and Appendices A, B, C, online supplementary material), and therefore all vegetation units sampled, and the Sand Forest Association in general, were considered fine-grained (Table 3 ). Of note was that the large canopy species, regarded as defining Sand Forest, were those classified as coarse or intermediategrained (Newtonia hildebrandtii, Cleistanthus schlechteri, Balanites maughamii, Erythrophleum lasianthum and Dialium schlechteri). However, they represented the minority in terms of the number of species classified. In the SSF and TSF, more species with a fine-grained character occurred in Tshanini than in Tembe. Tembe's Mature Sand Forest had a distinctive fine-grain character and had the most species classified.
Discussion

Sand Forest structure
The results of the present study allow for an improved description and understanding of Sand Forest structure. Short Sand Forest is a thicket-like vegetation of short stature, rarely exceeding 8 m (Matthews et al. 2001) or 10 m (Gaugris 2008) in height. Subcanopy density often exceeds 800 individuals/ha for a range of medium-to 
MSF Mature Sand Forest, AQU Afzelia quanzensis unit large-sized woody species. The canopy is dominated by some of the same species, although at a much lower density than the subcanopy. Some woodland species, such as Spirostachys africana, are also present in the canopy. Apart from Cleistanthus schlechteri and Dialium schlechteri, which emerge above the uniformly low canopy, there are no really large trees. Considering that the centroid is located to the left of the midpoint, and approximately half of the species are classified as Type 1, the SSF seems to represent a strongly regenerating and dynamic vegetation unit, which may also be considered as the youngest stage of the Sand Forest units considered here. The young status is supported by the fact that few trees have reached mature size. Indeed, the maximum size class reached rarely exceeds size class 9 in SSF, while the same species grow to larger size classes in the TSF. Subcanopy density in TSF rarely exceeds 400 individuals/ha for any species, and most species have densities from 100-300 individuals/ha. The vegetation reaches a height of 12 m, with some tall emergent trees up to 15 m (Matthews et al. 2001; . The full size class range is observed (size class 1-12), and many species are represented by large mature trees, some of which were the emergent or canopy species observed in SSF. However, additional species appear in the canopy of TSF. Because the centroid is located to the left of the size class midpoint, and because 50% of all species are of Type 1, the TSF should also be regarded as a dynamic vegetation unit.
The MSF has a tall tree stratum of 12-15 m and a second lower stratum at 10 m (Gaugris and Van Rooyen 2008) . This unit is characterised by subcanopy densities in excess of 1,000 individuals/ha for some typical species (Cola greenwayi, Drypetes arguta, Vepris lanceolata), and large to very large individuals are commonplace in the canopy. Most species (61%) are classified as Type 1, thereby indicating growing populations. The centroid of the common species generally lies to the left of the midpoint of the size class distribution. Many of the less common species show a centrally located centroid, possibly indicating that these species represent pioneer species (e.g. Cleistanthus schlechteri and Dialium schlechteri) that are no longer encountering favourable conditions for recruitment in this mature forest stage. However, the MSF is encountered only in Tembe, where small to large herbivores regularly cause small-scale disturbances. It is therefore hypothesized that the current high numbers of herbivores could be responsible for the large number of individuals in the subcanopy layer.
These three vegetation units describe a successional pathway from Short to Mature Sand Forest: a suite of pioneer species appears in the SSF and is maintained in the TSF stage and even to the MSF. Primary species appear in the TSF stage and persist into the MSF. The TSF stage leads to the establishment of a tall (12-15 m) canopy of large trees (MSF), while the undergrowth goes undergoes a change as light conditions are modified once this tall canopy has emerged.
The Afzelia quanzensis subassociation is best described as a mosaic of broad dome like emergent trees that reach heights of 10-12 m-typically large to very large Afzelia quanzensis and Dialium schlechteri individuals. These trees form a broad, shady canopy that offers suitable conditions for shade tolerant species. Under the canopy, a range of species occurs at densities that range from 300 to 450 individuals/ha, except for Vepris lanceolata, which dominates the subcanopy with densities in excess of 1,000 individuals/ha.
Species comparisons between sites
At individual species level there was a high similarity between the two sites. In the SSF, 50% of the species compared had similar SCDs (Table 2) , while in the TSF 70% of species had similar SCDs. However, on the whole, relatively few of the species analysed could be compared across sites (24% of species in SSF, 43% of species in TSF). This implies that there could in fact still be large differences between the sites at the vegetation unit level as was reported by Gaugris and Van Rooyen (2010a) .
Both sites had the majority of their common species (full analysis) classified within Type 1, representing selfsustaining populations. The less abundant species (limited analysis) were generally classified as Type 3, indicating potentially declining populations or mature long-lived early successional species (see Condit et al. 1998) . Moreover, in both analyses, centroids were generally located to the left of the midpoint, which confirmed populations with good regenerative potential. Overall, Type 1 species dominated in Tembe, while Type 2 was equally important in Tshanini's TSF.
Marked differences in abundance between the sites were observed for several common species. In all instances in the SSF, the subcanopy density was much higher in Tshanini, whereas canopy density was higher in Tembe. In most cases the Tembe populations reached larger size classes. These differences indicate strong recruitment but also truncated populations in Tshanini. In the TSF, differences in abundance between the sites were less marked in the subcanopy, but in general canopy densities in Tembe far exceeded those in Tshanini.
Various factors could be responsible for the differences in population structure of a species. Differences could simply be linked to natural patchiness in the forest (Burslem and Whitmore 1999; Chapman et al. 1999 ), or to either man or herbivores, or their absence altogether (Banda et al. 2006; Botes et al. 2006) . Fire, although a noteworthy agent in Africa (Bond et al. 2003) , is unlikely to have been the cause in recent years as no large tracts of Sand Forest have burned recently in either site (Matthews 2006; Gaugris 2008) . However, the presence of charcoal in soil underlying the TSF in Tembe is testimony to the fact Sand Forest burns but is able to develop into Sand Forest again.
The effects of fire in the past cannot be ruled out. The sites' close proximity in space rules out climatic factors as an explanation to differences in population structure (Yeh et al. 2000) . Therefore, the most likely reason for the differences lies in the influence of herbivores and man. In Tembe, the actions of wild herbivores, notably elephants, could have affected the current SCDs. In contrast, no major disturbance agent was present in Tshanini in the past 15 years (see also Maisels et al. 2001) , although the effects of man >15 years ago could still be evident in the SCD of several species.
Brachylaena huillensis is a relatively abundant species at both canopy and subcanopy level in Tembe's SSF and TSF, but rare (frequency < 10%) and found only in the subcanopy in Tshanini. Because this is the species most sought after for building construction , its low abundance in Tshanini is believed to stem from selective extraction. Likewise, the lack of individuals in the larger size classes for several species in Tshanini (e.g. Cola greenwayi and Strychnos henningsii, which are both sought after as construction wood , could be the result of present selective harvesting or the lingering effects of higher levels of harvesting when the Manqakulane community were still living in the area.
Gaugris (2008) noted a severe impact of elephants on the abundance of some of Tembe's woodland species (Albizia adianthifolia, Albizia versicolor, Garcinia livingstonei), which are on the verge of becoming locally extinct in Tembe while they are abundant in Tshanini. Although not as obvious, some striking differences in abundance patterns can be observed in Sand Forest species. Dialium schlechteri is an abundant tree in both the subcanopy and canopy in the SSF of Tshanini (Appendix A, online supplementary material), yet it is nearly nonexistent by comparison in the subcanopy in Tembe despite comparable canopy densities. A similar pattern is evident in the SSF for Pteleopsis myrtifolia and Psydrax locuples (nonexistent in canopy in Tembe and low frequency elsewhere). The SSF is considered ideal elephant feeding habitat (Morley 2005) , and differences in the population structure of these species could be ascribed to the impact of elephants (Gaugris and Van Rooyen 2008) since these woody species are among those most favoured and utilised by elephants in Tembe (Gaugris 2008) . The same pattern applies to a group of species of the TSF (Dialium schlechteri, Ptaeroxylon obliquum, Psydrax locuples), which again are among the species most utilised by elephants in Tembe. The status of Psydrax locuples in Tembe is currently of concern, as it occurs infrequently in patches in the subcanopy, with only a few mature trees. In contrast, it is an abundant and ubiquitous species in Tshanini in both the canopy and subcanopy. This species could potentially be the first Sand Forest species under threat of local extirpation by the action of elephants in Tembe.
Dynamics and Sand Forest grain
Woody species in Tembe were predominantly classified as Type 1, whereas in Tshanini they were spread more evenly between Types 1 and 2. Type 2 species have stagnant populations; this could be the result of canopies closing and consequently small tree abundance of lightrequiring species will decrease as light penetration decreases. However, when gaps are opened, the abundance of such small classes usually increases (Babaasa et al. 2004) . The size of gaps is influential, as the regeneration of Type 1 species occurs mainly under the canopy or in minor gaps such as branch breaks but Type 3 species need substantially larger gaps (Everard et al. 1995) .
Type 3 species in Tembe and Tshanini show poor regeneration and their abundance is similar at both sites. These species are possibly long-lived early successional species persisting in the canopy and regenerating irregularly (Burslem and Whitmore 1999) . Sampling in the present study did not include large gaps favouring recruitment of Type 3 species. The predominance of Type 1 and 2 species therefore reflects the frequent occurrence of small gaps or absence of gaps. Indeed no gaps were encountered in Tshanini, whereas small gaps were noted during sampling in Tembe (Gaugris 2008) . However, it is acknowledged that because of the transient nature of gaps, some gaps may not have been obvious during sampling.
Gaps created by elephants in Tembe's Sand Forest have been described as elephant refuges of two sizes (Shannon 2001) . A grade 2 refuge is a small canopy opening, but a grade 1 refuge represents clearings of 20 m diameter and larger. Both refuges change light penetration to the subcanopy. Grade 2 refuges of elephants in Sand Forest may contribute to the great proportion of tree species classified in Type 1 in Tembe, whereas grade 1 refuges are large enough for Type 3 species. However, while these refuges are still being actively used by elephants, trampling will prevent successful establishment of seedlings.
The grain concept originates from forestry ecology in South Africa (Midgley et al. 1990) , and represents a twodimensional analysis to compare the subcanopy and canopy densities of a species (Everard et al. 1995; Lawes and Obiri 2003) . The species grain indicates the regeneration scale of species. Fine-grained species are generally shade-tolerant species represented by inverse J-shaped curves with subcanopy and canopy individuals abundant over the area studied (Midgley et al. 1990; Everard et al. 1995; Lawes and Obiri 2003) . If this pattern is found for the majority of species a forest, then the forest could be considered as fine-grained (Lawes and Obiri 2003) . In coarse-grained species, there is usually a dearth of subcanopy individuals and a wealth of canopy individuals. SCD slopes of coarse-grained species are generally flat to positive; regeneration is believed to occur over large areas at low densities, which could be insufficient for replacement. The majority of such species in a forest means that the forest could potentially be considered as coarse-grained. Coarsegrained species generally do not withstand intense utilisation unless harvesting is designed to promote the regeneration in mass of such species. The wealth of Type 1 species concurred with an abundance of fine-grained species in the Sand Forest, and it is therefore fairly conclusive that Sand Forests are fine-grained forests.
Fine-grained forests are populated by shade-tolerant, fine-grained species, where the scale of patch-to-patch variation is small (Midgley et al. 1990; Everard et al. 1995) . Scale of variation here refers to ''the scale at which normal dynamic regeneration processes occur'' (Everard et al. 1995) , while patch loosely defines structures ranging from a few hectares to hundreds of hectares or more. Small patches of fine-grained forest can exist as sustainable entities (Everard et al. 1995) and small gaps are sufficient to ensure successful species regeneration. However, the grain concept does not include reproductive processes, such as pollination and seed dispersal, which function at a different scale altogether (Everard et al. 1995; Maisels et al. 2001; O'Connor et al. 2007) .
In terms of dynamics, the fine-grain nature indicates that at the patch level, Sand Forest is likely to be selfsustaining. However, observations on avian species assemblages (Van Rensburg et al. 2000) and dung beetles (Botes et al. 2006) suggest that diversity between patches is such that many patches over a large area are required to conserve Sand Forest, and that these forests are susceptible to overutilisation by gap creating agents. The changes in abundance and distribution of some woody species observed in our study, supported by observations from other studies (Shannon 2001; Gaugris 2008; Gaugris and Van Rooyen 2008, 2010b) indicates that elephants are important agents affecting Sand Forest dynamics through the direct utilisation of preferred woody species and the creation of small to intermediate gaps and associated changes in light regime. In a small, confined reserve where elephant density increases, the risk that elephants will open more and larger gaps increases accordingly (O'Connor et al. 2007) . Such gaps could change forest dynamics or even engender a retrogressive successional change to woodlands (Van Rensburg et al. 2000) . In the current absence of disturbance, observed in Tshanini, species distribution curves probably change from Type 1 to Type 2, as many species observed with a Type 1 distribution in Tembe occur in Tshanini with a Type 2 distribution (see Appendices A, B).
Note on the methodology
The limitations of a size class analysis for obtaining information on population dynamics are acknowledged (Condit et al. 1998; Niklas et al. 2003) . However, we believe that incorporating comparisons of Y-axis intercepts, slopes of the regressions, subcanopy:canopy density ratios, classification into three types, interpretation of centroid positions, and finally the use of the grain of species contributed to an improved understanding of the structure and dynamics of Sand Forest. The simultaneous analysis of all these elements for the species concerned across two sites under differing uses is novel, and appears to be a good way to extract more information about the species' dynamics. The results obtained supported previous analyses at the vegetation unit level (Gaugris and Van Rooyen 2008, 2010a) and therefore reinforced the usefulness of such an approach.
The distinction between the full and limited analyses contributed to the value of the present study and proved particularly useful in separating different tree dynamics. For species in the limited analysis, the small number of individuals was information in itself and it allowed a better understanding of forest dynamics. Therefore, to overlook species where the numbers of sampled individuals were low would have limited the ability to perceive patterns in the dynamics of this area. We therefore recommend that future studies in this field do not discard species with low abundance on the simple proviso that statistical significance would not be met.
Comparing two sites displaying the same vegetation, but differing in utilisation regime (Case 1: no human use, increasing herbivory through increasing herbivore densities, Case 2: light human use, no herbivory) and analysing as many parameters as possible has provided a much-improved understanding of the structure and dynamics of Sand Forest. Whenever long-term studies are not feasible we strongly recommend such an approach.
Sand Forest management implications
The fine-grain character will simplify management of Sand Forest in conservation areas. We advise managers to control animal populations to promote the presence and regular creation of small canopy gaps. In a park such as Tembe, this implies strict control of the elephant population, which is a delicate issue (O'Connor et al. 2007 ), although our study now lends credence to such a policy. Populations of other forest dwelling herbivores or temporary users should also be kept in check, to ensure that regeneration guilds of tree species are not overutilised. However, culling of such species, or their natural removal by an increased carnivore population is easier to manage than elephant numbers.
Managing Sand Forest outside conserved areas will prove more difficult. Results from another study in KwaZulu-Natal showed that well-regulated human utilisation in a fine-grained forest did not adversely affect tree dynamics , therefore management will have to ensure that small gaps that simulate natural dynamics are created. This could be achieved by rotational harvest of small sectors of forest, where removal of smaller trees suitable for building construction in the region is controlled. From time to time the removal of large canopy individuals could be justified to simulate megaherbivore gap creation processes. An important aspect will be to minimise land clearing in order to preserve the fine grain processes.
